In a previous paper Armstrong and White (1950) described studies on purulent bronchial and pleural exudates, showing that extracellular fibres of deoxyribonucleoprotein were responsible for much of their viscidity. Deoxyribonuclease prepared from beef pancreas destroyed these fibres and reduced the viscidity of the exudates both in vitro and in vivo. To determine whether this is of any practical value in the treatment of bronchitis, a controlled experiment was carried out and is reported here.
In a previous paper Armstrong and White (1950) described studies on purulent bronchial and pleural exudates, showing that extracellular fibres of deoxyribonucleoprotein were responsible for much of their viscidity. Deoxyribonuclease prepared from beef pancreas destroyed these fibres and reduced the viscidity of the exudates both in vitro and in vivo. To determine whether this is of any practical value in the treatment of bronchitis, a controlled experiment was carried out and is reported here.
SELECTION OF CASES
The sputum of bronchitics is predominantly purulent only during acute episodes of the disease, when bronchial obstruction is the main cause of the symptoms, and of complications such as atelectasis and bronchopneumonia. The course of such exacerbations is very variable and in order to study the response to treatment in sufficient detail only patients admitted to hospital could be used. Of these, many were too ill to cooperate with treatment or tests, and many had had sufficient chemotherapy before admission to convert their sputum from purulent to mucoid. As a result only 23 cases of uncomplicated purulent bronchitis were found suitable in two winters. The patients were observed over a period of 10 days, starting if possible on the day after admission.
ASSESSMENT OF PROGRESS CLINICAL.-In addition to an assessment of general health a careful history of respiratory illness was taken and the course of the present episode followed with particular reference to these features: (1) Degree of dyspnoea and cyanosis; (2) degree of systemic venous congestion; (3) extent and density of added sounds in the chest; (4) the presence of wheezing; (5) severity of cough; (6) vital capacity; (7) The last two were read off spirometer tracings made with a " sanborn" spirometer with a fast moving drum. All these features were recorded on the first, third, seventh and tenth days and the first five on the fifth day also. Treatment was given on the first, third, and fifth days; the observer did not know which patients received enzyme.
LABORATORY.-Sputum collections were from 9 a.m. to 9 a.m. each day except on the first day, when the sputum produced before the first treatment was kept separate from that produced afterwards. The volume, general appearance, and gross proportions of mucoid and purulent material were recorded. Four smears were made from each specimen, fixed wet with Carnoy's fluid, and stained respectively with pyronin-methyl green mixture (Brachet, 1942) , aniline blue and orange G mixture (White, 1950) , periodic-acid-Schiff (Hotchkiss, 1946) , and Feulgen (Feulgen and Rossenbeck, 1924) .
When the volume was sufficient the viscidity of each specimen was measured. The method of Lucas and Henderson (1936) and a method involving the timing of the flow of sputum through a perforated disc under constant pressure proved unsatisfactory because sputum is not homogeneous and has a very wide range of viscidity. Investigation indicates that sputum cannot be treated as a liquid owing to its fibrous structure, and an accurate assessment of its strengh would involve tests unsuitable for routine use (Elmes and White, 1953) .
The following simple device gave viscidity as " yield value" readings in arbitrary gram units which covered the range of the material. A 20 ml. all-glass syringe was mounted vertically with the occlud d nozzle pointing downwards. Both ends of the holow glass plunger were removed, the upper being left open and the lower being replaced by a perforated brass block (Fig. 1) . The sputum was placed in the barrel of the syringe and the plunger forced in until the foamy surface layer and a small amount of the unaerated sputum had flowed through the block. The plunger by the other staining methods. Both types of fibre stained blue in aniline blue and orange G, and both stained red with the periodic-acid-Schiff, although in the latter the intensity of the D.N.P. staining was less than the mucoprotein. Especially in the presence of autolysis both D.N.P. and mucoprotein fibres tended to stain purple with the pyronin methyl green mixture. A clear differentiation could be obtained using polarized light and a Brace-Kohler compensator of low retardation (X/25) (Swann and Mitchison, 1950) . The fibres were distinguished by the sign of birefringence with respect to fibre length, as listed in Table I . The TREATMENT The patients were very ill, so the enzyme or control treatment was given in addition to the normal therapy, which consisted of a variety of antibiotics and antispasmodics, and in some cases expectorants and physiotherapy as well. The antispasmodics were omitted for four hours before the estimation of vital capacity or maximal voluntary ventilation.
Each patient was given three inhalations of 3 ml. of either enzyme or control solution on the first, third, and fifth days of the period of observation. The control solution consisted of 0.25% gelatin in M-100 magnesium chloride solution. The enzyme solution was 2.5 mg. of ox pancreas deoxyribonuclease dissolved in 3 ml. of the control solution. Both were sterilized by Seitz filtration, stored at 5°C., and used within four weeks of preparation. The control and the enzyme solutions were indistinguishable. Inhalations were given through a " deedon " inhaler modified to run off an oxygen cylinder at 8 to 10 litres a minute through an open-ended T-tube to give an intermittent flow. The nebulized solution was carried to the patient's mouth through a 4-in. LABORATORY.-The daily volume of sputum and its gross appearance showed no significant difference between the two groups. In some cases the sputum became predominantly mucoid within a day of starting the study, but the majority converted on the fourth or fifth day and a few remained purulent throughout the 10-day period. In some cases the sputum became bright green on being stored at 5°C. This occurred in 24-hour collections of purulent sputum completed the morning after a treatment either with enzyme or control solution, and was apparently due to a release of verdoperoxidase; it did not occur in all cases.
The cytochemical preparation also showed no difference between the two groups. The changeover from D.N.P. fibres to mucoprotein was not as rapid or clear-cut as the change in the gross appearance. Deoxyribonucleoprotein fibres were never seen without some mucoprotein fibres, whereas by the end of the 10-day period most of the specimens contained only mucoprotein. Occasional early specimens resembled pure pus, were loaded with polymorphonuclear leucocytes, and contained no fibres of either type; subsequent specimens from these cases showed large numbers of D.N.P. fibres and few intact cells.
VISCIDITY MEASUREMENTS.-The average yield values obtained with the syringe apparatus are shown in Fig. 4 . There is no statistical difference between the two groups as a whole, but the sharp fall in the treated group after the second and third treatments was investigated further. The readings taken before and after each treatment in the two groups are shown in Table III efIAft 2 3 4 5 6 7 8 9 10
Days changes in viscidity of the sputum in individual cases. Case 14 started ulent sputum, became predominantly mucoid at day 5 and received lution. Case 8 had purulent sputum and received enzyme; note the cidity after each treatment. Case 19 was converting to mucoid at the of the study and treatment with enzyme had no effect.
The time taken for these changes varies greatly in patients who receive no antibiotic, but those who are treated with an effective antibiotic usually reach the pure mucoid phase by the fourth or fifth day. The duration of the phase of excessive secretion of mucoid material is variable even with treatment. If D.N.P. fibres become sufficiently numerous to be the main cause of the viscidity, this is usually only on the second and third day in the treated cases, but may last for over a week in untreated cases.
Curschman's spirals were present in more than half the cases, though usually in small numbers. They were seldom seen when large numbers of polymorphs were present and were never seen in the absence of mucoprotein. Commercial streptococcal enzyme preparations contain a deoxyribonuclease and a fibrinolysin. They are effective in the liquefaction of exudates in closed cavities, but are ineffective against respiratory mucus. Their deoxyribonuclease content is relatively low and they have not been widely used for the treatment of purulent bronchitis. Nonspecific mucolytic enzymes are already available, and owing to proteolytic activity they will reduce the viscosity of mucus in solution (Limber, Reiser, Roettig, and Curtis, 1952) . Although these and other authors publish encouraging impressions (Steigman and Scott, 1952) , in vitro testing of the enzyme on whole respiratory mucus indicates very little effect.
The use of deoxyribonuclease and commercial trypsin causes no untoward effects. The function of mucus in respiratory secretion is generally considered to be protective; if completely removed by an enzyme it might expose the mucosa to bacterial invasion or other damage. The mode of action of the mucus is obscure and some of its properties not entirely beneficial. For instance its presence is essential for the invasion of the respiratory mucosa by the influenza virus in mice (St. Groth, 1948) , but it may contain high concentrations of antibodies specific against bacteria and viruses. Whether these would be inactivated by enzyme treatment remains to be determined.
SUMMARY
Inhalations of pure beef pancreas deoxyribonuclease have been used in the treatment of patients with acute purulent exacerbations of chronic bronchitis.
The enzyme reduces the viscidity of the purulent sputum, but has no effect on mucoid sputum.
No objective change in the clinical course of the disease was noted, and cytochemical investigations suggest that the dosage was inadequate.
The serial changes in the sputum during such exacerbations are described, and the importance of excessive mucous secretion emphasized.
The need for investigation of specific mucolytic enzymes is discussed.
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